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SECTION  OF  PHYSICS  AND  CHEMISTRY 

OUR  INCREASING  KNOWLEDGE  OF  THE  STRUCTURES  OF 
CRYSTALLINE  PROTEINS* 

By  David  Harker 

Tha  Protein  Structure  Project,  Polytechnic  Institute  oi  Brooklyn, 
Brooklyn,  N.  Y. 


Proteins  are  substances  of  tremendous  importance  in  all  living  systems. 
They  occur  widely  in  plants,  particularly  in  plant  seeds,  but  are  even 
more  important  in  animal  life.  Most  animal  tissue,  except  bones,  shells, 
etc.,  consists  largely  of  proteins.  Chemically,  proteins  are  polymers  of 
alpha  amino  carboxylic  acids  R-CHNH2-COOH,  where  the  R  groups  can 
be  one  of  about  25  different  organic  radicals,  ranging  from  hydrogen, 
through  a  half-dozen  simple  aliphatic  groups,  a  few  aromatics,  a  few 
heterocyclics,  a  couple  of  carboxylated  chains,  a  few  alcohols,  to  a 
few  groups  containing  sulfur  or  even  iodine.  The  polymerization  takes 
place  by  the  elimination  of  water  between  the  hydroxyl  of  the  carboxyl 
group  of  one  amino  acid  and  the  hydrogen  of  the  amino  group  of  another 
amino  acid,  and  this  forms  such  chains  as  -CO-CHR-NH-CO-CHR  -NH- 
CO-CHR  "-NH-.  These  long  molecules  are  called  polypeptides,  although 
they  might  better  be  called  polyamides.  Some  proteins,  called  simple 
proteins,  contain  only  this  type  of  structure,  other  proteins  contain 
other  chemical  groupings  also  and  are  called  conjugated  proteins.  We 
are  concerned  here  with  the  structures  of  simple  proteins. 

The  problem  of  the  structure  of  proteins  is  important,  because  of  the 
very  specific  chemical  behavior  a  given  protein  exhibits.  Enzymes,  all 
of  which  are  proteins,  are  so  chemically  specific  that,  for  instance,  a 
particular  one  will  catalyze  the  hydrolysis  of  a  certain  kind  of  chemical 
bond  only  when  the  neighboring  atoms  have  a  certain  configuration. 
Such  specificity  can  mean  only  that  the  particular  way  in  which  the 
polypeptide  chain  is  arranged  in  space  is  at  least  as  important  as  the 
order  of  the  various  R  groups  along  the  chain.  The  interest  in  this 
problem  has  led  to  intensive  research  by  many  scientists  into  the  ways 
in  which  polypeptides  can  be  folded  and  coiled.  The  only  really  suc¬ 
cessful  solution  is  based  on  the  work  of  Professor  Linus  Pauling  and 
his  co-workers  at  the  California  Institute  of  Technology,  Pasadena, 
Calif. 

Pauling  and  his  colleagues  spent  many  years  finding  the  exact  spatial 
relationships  between  the  atoms  in  simple  substances  related  to  the 
links  in  polypeptide  chains,  and  they  were  able  recentlv  to  state  with 

*Thia  paper,  illustrated  with  lantern  slides,  was  the  second  of  two  papers  presented 
at  a  meeting  of  the  Section  on  March  1,  1955.  The  first  paper,  entitled  "Introduction  to 
the  X-Ray  Crystallography  of  Proteins,"  was  presented  by  Isador  Fankuchen.  No  abstract 
of  this  paper  has  been  received. 
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confidence  the  lengths  of  all  the  bonds  between  atoms  in  a  polypeptide 
chain,  the  angles  between  these  bonds,  and  the  inhibitions  to  rotation 
of  the  various  parts  of  the  structure  about  these  bonds.  They  also  studied 
the  possibilities  of  “hydrogen-bonding”  in  these  substances,  i.e.,  the 
geometrical  consequences  of  the  electrostatic  attractions  between  hydro¬ 
gen  atoms  and  negatively  charged  atoms,  such  as  oxygen,  in  chemical 
substances.  They  were  then  able,  in  1950,  to  predict  some  possible 
spatial  arrangements  for  polypeptide  chains,  and  two  of  these  ar¬ 
rangements  have  been  found  to  be  in  agreement  with  the  data  measured 
on  certain  fibrous  proteins:  the  keratins.  Ordinary  hair  is  a  keratin  and, 
in  its  unstretched  state,  it  seems  to  have  one  of  Pauling’s  structures; 
when  stretched  to  twice  its  length,  it  seems  to  have  the  other.  This 
attack  on  protein  structure  can  never  explain  the  specific  chemical 
behavior  of  proteins,  however,  since  it  takes  no  account  of  the  natures 
of  the  R  groups,  nor  of  their  order  along  the  chain. 

Pauling’s  method  of  attack  on  the  problem  of  protein  structure  is 
essentially  that  of  guessing  the  structure  correctly.  When  this  method 
succeeds,  it  is  a  very  efficient  one,  but  when  it  fails,  it  fails  completely, 
and  another  guess  must  be  made.  The  only  new  knowledge  gained  from 
the  failure  is  that  the  incorrectly  postulated  structure  need  not  be  tried 
again.  Another  fibrous  protein,  collagen,  has  properties  which  suggest 
that  it  has  a  simple  structure,  but  none  of  Pauling’s  structures  will 
fit  the  data  measured  on  collagen.  Consequently,  the  structure  of  collagen 
is  quite  unknown.  A  more  certain  method  of  finding  protein  structures 
is  definitely  desirable. 

Crystalline  proteins  exist.  Many  of  the  so-called  “globular”  proteins 
have  been  crystallized.  This  class  of  proteins  includes  such  substances 
as  the  enzymes,  the  globulins,  and  albumins  of  blood  and  milk,  etc. 
The  atomic  arrangements  in  crystals  can  be  found  by  studying  the 
intensities  and  directions  of  the  X-ray  beams  diffracted  by  the  crystals. 
Thus,  a  method  of  finding  the  structures  of  the  molecules  of  proteins 
does  exist— at  any  rate,  for  such  proteins  as  can  be  crystallized.  This 
type  of  attack  on  the  structure  of  proteins  has  been  developing  over 
the  past  20  years  and  is  now  at  a  stage  where  results  are  beginning  to 
appear.  Early  work  by  Doctor  Dorothy  Crowfoot  Hodgkin,  at  the  Uni¬ 
versity  of  Oxford,  Oxford,  England,  resulted  in  some  knowledge  of  the 
structure  of  insulin.  Doctor  Hodgkin’s  work  is  being  continued  by  her 
former  student.  Doctor  Barbara  Low,  at  Harvard  University,  Cambridge, 
Mass.  Two  groups  at  the  University  of  Cambridge,  Cambridge,  England, 
are  at  work  on  the  structure  of  crystalline  proteins.  One  group,  under 
Doctor  Max  Perutz,  is  working  with  hemoglobin,  and  another,  under 
Doctor  John  C.  Kendrew,  is  studying  myoglobin.  Doctor  R.  B.  Corey, 
at  the  California  Institute  of  Technology,  is  beginning  a  research  into 
the  structure  of  crystalline  lysozyme.  Doctor  H.  C,  Carlisle,  of  Birkbeck 
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College  of  the  University  of  London,  London,  England,  and  I,  at  the 
Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y.,  are  both  working 
to  find  the  structure  of  ribonuclease.  It  is,  therefore,  very  likely  (if 
not  certain)  that  the  detailed  structure  of  a  protein  molecule  will  be 
known  before  very  long.  The  X-ray  diffraction  data  produced  by  a  crystal 
are  so  numerous  and  definitive  that  it  is  almost  impossible  for  an  incor¬ 
rect  structure  to  agree  with  them.  Consequently,  all  the  workers  previously 
named  are  being  forced— sometimes  reluctantly— to  abandon  all  attempts 
to  guess  correct  protein  structures  and  are,  instead,  using  their  data 
to  work  out  the  structures  directly.  Some  of  their  preliminary  results 
will  be  described  below. 

In  the  very  early  days  of  X-ray  diffraction  work  with  crystalline  prote¬ 
ins,  it  was  discovered  that  dry  crystals  gave  very  poor  diffraction 
patterns,  while  wet  crystals— crystals  in  contact  with  their  mother  liquor— 
gave  good,  sharp  diffraction  patterns  comparable  to  those  produced  by 
crystalline  minerals.  Thus,  the  regular  arrangement  of  the  molecules  in 
the  freshly  formed,  wet  crystals  becomes  disturbed  and  irregular  as 
the  solvent  is  removed.  Measurements  of  these  diffraction  patterns 
showed  that  the  unit  cell  of  a  wet  crystal  is  quite  a  bit  larger  than  that 
of  a  dry  one.  (The  unit  cell  of  a  crystal  is  the  smallest  unit  of  structure 
which  can  biiild  up  the  entire  crystal  by  repetition  without  rotation.) 
Quite  often,  the  unit  cell  of  a  wet  protein  crystal  has  twice  the  volume 
of  that  of  the  dry  crystal. 

This  kind  of  information  is  obtained  from  measurements  of  the  angles 
at  which  X  rays  are  diffracted  by  crystals  and  has  no  relation  to  the 
intensities  of  these  rays.  The  directions  of  the  diffracted  rays  depend 
only  on  the  size  and  shape  of  the  unit  cell,  while  their  intensities 
depend  on  the  arrangement  of  the  atoms  within  one  unit  cell.  If  the 
atomic  arrangement  stays  the  same,  merely  changing  scale  as  the  unit 
cell  changes  size  and  shape,  so  that  the  atoms  maintain  the  same 
relations  to  one  another,  then  the  intensities  of  the  diffracted  rays  do 
not  change.  If,  on  the  other  hand,  the  atomic  arrangement  changes  in 
relation  to  the  unit  cell  as  the  cell  changes  its  size  and  shape,  then  the 
intensities  of  the  diffracted  rays  change.  The  important  observation 
was  made  long  ago  that  the  intensities  diffracted  by  protein  crystals 
do  change  as  the  crystals  are  dried.  Consequently,  it  is  possible  that 
the  molecules  themselves  do  not  shrink  during  the  drying,  although  the 
distances  between  them  do.  It  has  recently  been  proved  that  this  is 
indeed  the  case. 

The  intensities  of  the  X  rays  diffracted  by  a  crystal  can  be  combined 
mathematically  in  such  a  way  that  the  result  is  a  knowledge  of  the 
number  of  interatomic  distances  of  each  length  in  each  direction  in  the 
crystal.  This  information  can  be  plotted  as  a  map  and  is  then  called  a 
Patterson  function,  after  its  discoverer.  These  maps  are  either  three- 
dimensional  or,  more  usually,  two-dimensional,  in  which  case  the  pro- 
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jections  on  a  plane  of  the  interatomic  distances  in  a  crystal  are  plotted, 
rather  than  the  distances  themselves.  A  two-dimensional  map  of  this 
type  is  usually  called  a  Patterson  projection  of  the  crystal  structure. 
Such  a  Patterson  projection  requires  tor  its  computation  the  intensities 
of  only  those  X  rays  diffracted  in  a  plane  parallel  to  the  plane  of 
projection— many  fewer  than  are  required  for  a  three-dimensional  Patterson 
function.  Patterson  projections  of  crystalline  hemoglobin  in  various 
stages  of  drying  have  been  computed  by  Doctor  Perutz,  and  have  shown 
that  the  relative  directions  and  concentrations  of  short  interatomic 
distances  do  not  change  during  the  drying  process.  This  proves  that 
the  hemoglobin  molecules  are  unaffected  by  the  drying,  even  though  their 
relative  positions  change  considerably. 

A  study  of  the  changes  in  size  and  shape  of  the  unit  cell  of  hemo¬ 
globin  as  the  crystals  are  dried  allows  some  conclusions  to  be  drawn 
concerning  the  shape  of  the  hemoglobin  molecule.  The  molecule  must 
be  roughly  ellipsoidol,  about  55  X  x  55  ^  x  65  X  in  dimensions  (the 
symbol  “A”  denotes  the  Angstrom  unit.  It  is  one  one-hundred-millionth 
of  a  centimeter.)  A  study  of  the  unit  cells  of  the  various  modifications 
of  crystalline  ribonuclease  has  led  to  the  conclusion  that  these  mole¬ 
cules  are  also  roughly  ellipsoidal,  but  with  the  dimensions  30  A  x  30  A  x 

o 

38  A  in  wet  crystals. 

The  unit-cell  dimensions  can  also  be  used,  in  combination  with  the 
density  of  the  protein  crystal  and  its  solvent  content,  to  give  very 
accurate  values  of  the  molecular  weights  of  proteins.  The  number  of 
molecules  in  the  unit  cell  is  always  a  multiple  of  a  number  determined 
by  the  crystal  symmetry,  and  the  volume  of  the  unit  cell  is  easily  calcu¬ 
lated  from  its  dimensions.  Multiplying  this  volume  by  the  density  of  the 
crystal  gives  the  mass  of  material  in  the  crystal  associated  with  the 
molecules  of  protein  in  the  unit  cell.  When  the  mass  of  solvent  in  this 
material  is  subtracted  off,  the  result  is  the  mass  of  protein  in  one  unit 
cell,  which  is  some  small  multiple  of  the  molecular  weight.  A  rough 
molecular  weight  determination  by  some  other  method,  such  as  the 
ultracentrifuge  or  osmotic  pressure,  serves  to  determine  the  multiple. 
The  accurate  molecular  weight  then  results  by  dividing  the  mass  of 
protein  per  unit  cell  by  this  multiple.  The  probable  error  of  molecular 
weights  determined  in  this  way  is  usually  less  than  5  per  cent  and 
sometimes  less  than  1  per  cent.  This  method  is,  therefore,  a  great 
improvement  on  other  methods  for  finding  the  molecular  weights  of 
proteins. 

The  Patterson  functions  previously  mentioned  are  not  suitable  for 
finding  the  atomic  arrangements  in  the  unit  cells  of  protein  crystals, 
because  the  number  of  interatomic  distances  in  the  unit  cell  of  a  crystal 
is  so  large  compared  to  the  number  of  atoms.  Nevertheless,  the  Patterson 
maps  are  the  only  type  that  can  be  computed  directly  from  the  intensities 
of  the  X  ray  beams  diffracted  by  crystals.  In  order  to  plot  a  map  of  the 
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atomic  positions  in  a  crystal,  it  is  necessary  to  use  numbers  related 
to  the  intensities  in  a  rather  complex  way.  Suppose  a  given  intensity  of 
diffraction  to  be  represented  by  /,  then  one  can  find  a  tremendous  array 
of  numbers  A  and  B  such  that  I=A^+B^,  with  both  positive  and  negative 
values  of  A  and  B  allowed.  It  is  these  numbers  A  and  B  which  must  be 
used  in  the  computation  of  a  map  of  the  crystal  structure  in  which  the 
positions  of  the  atoms  will  appear.  Numbers  A  and  B  cannot  be  found 
separately  from  the  diffraction  pattern  of  any  one  crystal  as  complicated 
in  structure  as  a  protein.  They  can  be  found,  however,  by  combining  the 
information  from  the  diffraction  patterns  of  several  crystals,  in  which 
the  protein  molecules  are  arranged  in  the  same  way,  but  which  contain 
other  atoms  of  great  scattering  power  for  X  rays  arranged  in  different 
ways.  Such  a  set  of  crystals  is  called  an  isomorphous  series.  Work  with 
such  series  is  just  beginning  in  the  several  laboratories  where  wori< 
with  crystalline  proteins  is  being  carried  forward,  and  no  very  informative 
results  have  been  obtained  as  yet.  Nevertheless,  the  preliminary  results 
are  extremely  helpful  and  lead  to  the  conclusion  that  in  the  next  few 
years  the  structures  of  several  proteins  will  be  definitely  known.  These 
structures,  since  they  will  be  derived  directly  from  experimental  data, 
will  be  correct,  and  will  therefore  be  much  more  firmly  established  than 
those  structures  which  have  been  postulated  and  then  merely  found  not 
to  be  in  disagreement  with  the  meaner  data  furnished  by  fibrous  proteins. 

In  summary,  it  can  be  said  that  a  study  of  crystalline  proteins  by 
X-ray  diffraction  methods  has  led  to  a  knowledge  of  the  sizes,  shapes, 
and  weights  of  protein  molecules,  and  will  soon  lead  to  a  letailed 
picture  of  the  atomic  arrangement  in  protein  molecules. 
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SECTION  OF  MATHEMATICS  AND  ENGINEERING* 

THEORIES  OF  FIGURES  OF  CELESTIAL  BODIES** 

By  Wenceslas  S.  Jardetzky 

Manhatthn  College  and  Columbia  University,  New  York,  N.  Y. 


The  theories  explaining  the  variety  of  figures  of  celestial  bodies 
represent  one  of  the  most  interesting  fields  in  applied  mathematics.  They 
have  attracted  the  attention  of  many  famous  mathematicians  in  the  last 
two  centuries. 

The  almost  spherical  shape  of  the  sun  and  planets,  as  well  as  of  some 
nebulae,  have  suggested  an  approach  to  the  study  of  celestial  bodies  on 
the  basis  of  hydrodynamics.  The  equilibrium  of  a  homogeneous  liquid 
mass  isolated  in  space  thus  became  the  first  problem  to  be  solved.  It  can 
be  easily  proved  that  a  sphere  is  the  figure  of  equilibrium  of  a  gravitating 
liquid  mass  at  rest.  The  problem  is  much  more  difficult  if  the  liquid  is 
supposed  to  rotate  around  an  axis  like  a  solid  body.  The  corresponding 
equations  of  hydrodynamics  then  yield  a  condition  which  is  expressed  in 
the  form  of  a  functional  equation.  The  main  term  in  this  equation  and  the 
Newtonian  potential  of  the  mass,  the  shape  of  which  is  yet  unknown,  is 
given  in  the  form  of  a  triple  integral  with  limits  to  be  determined.  It  is 
quite  natural,  therefore,  that  the  inverse  method  for  satisfying  this  condi¬ 
tion  has  been  followed  first.  Assuming  that  the  surface  of  the  liquid  mass 
is  an  ellipsoid  of  revolution,  Maclaurin^  (1742)  was  able  to  prove  that 
two  axes  of  it  and  the  corresponding  angular  velocity  can  be  determined 
from  the  conditions  of  equilibrium.  The  importance  of  this  result  cannot 
be  overemphasized,  but  later  calculations  showed  that  the  dimensions  of 
a  homogeneous  ellipsoid  cannot  be  adjusted  to  agree  with  the  dimensions 
of  the  Earth  or  other  planets. 

The  fact  that  a  homogeneous  liquid  ellipsoid  with  three  unequal  axes  can 
also  be  a  figure  of  equilibrium  surprised  all  the  contemporaries  of  Jacobi^ 
(1834),  who  had  proved  it.  Fifty  years  later,  Liapounov^  (1884)  and 
Poincard*  (1885)  discovered  almost  simultaneously  new  sets  of  figures  of 
equilibrium  which  differ  but  little  from  certain  “critical”  ellipsoids.  The 
free  surfaces  of  liquid  masses  in  these  cases  differ  from  ellipsoids  by 

*The  Section  of  Geology  and  Mineralogy  held  a  meeting  on  March  7,  1955  at  which  a 
paper  entitled  “Silurian  and  Lower  Devonian  Rocks  of  New  England  and  the  Maritime 
Provinces’*  was  given  by  Arthur  J.  Boucot.  No  abstract  of  this  paper  has  been  received. 

The  Section  of  Biology  held  a  meeting  on  March  14,  1955  consisting  of  a  symposium 
on  “The  Properdin  System”  at  which  the  following  papers  were  presented.  “The  Properdin 
System”  by  Louis  PlUemer,  “The  Properdin  System  and  Hemolytic  Phenomena”  by  Carl 
F.  Hinz,  Jr.,  William  S.  Jordan,  Jr.,  and  Thomas  Hale  Ham,  “The  Properdin  System  and 
Bacterial  Phenomena”  by  Alastalr  C.  Wardlaw,  and  “The  Properdin  System  in  Radiation 
Infections”  by  Oscar  A.  Ross  and  Alan  R.  Moritz.  No  abstracts  of  these  papers  have  been 
received. 

**Thls  paper  was  presented  at  a  meeting  of  the  Section  on  March  18,  1955.  It  la  an 
abstract  of  a  work  under  the  same  title  which  is  now  ready  for  publication,  in  which  a 
more  complete  Ust  of  references  will  appear.  In  this  paper  the  author  has  restricted  him¬ 
self  to  quoting  only  references  1  to  5. 
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having  depressions  and  elevations  along  parallels  or  meridians,  or  along 
sets  of  both  of  them.  The  ovoidal  or  egg-shaped  figure  of  equilibrium  is 
another  example  among  the  simple  figures.  According  to  the  first,  insuf¬ 
ficient  approximation,  this  figure  was  called  pear-shaped,  and  certain 
speculations  concerning  the  fission  of  celestial  bodies  originated. 

Varying  ellipsoids  and  ellipsoids  with  internal  movements  were  dis¬ 
cussed  by  Dirichlet,  Dedekind,  Riemann,  et  a/.  Sophie  Kovalevsky  showed 
that  a  liquid  ring  can  be  a  figure  of  equilibrium  but  the  most  appropriate 
explanation  of  Saturn’s  ring  seems  to  be  the  hypothesis  of  Cassini.  This 
ring  is  a  swarm  of  solid  particles. 

The  theories  concerning  nonhomogeneous  liquid  masses  had  to  be 
applied  first  to  the  earth.  Clairaut  was  the  pioneer  in  these  investigations, 
and  his  results  are  still  important  as  the  first  approximation.  Not  until 
much  later  was  it  proved  that  neither  the  ellipsoidal  figures  of  equilib¬ 
rium  nor  the  ellipsoidal  structure  in  a  heterogeneous  liquid  are  possible. 
The  discussion  of  the  problem  concerning  figures  of  a  heterogeneous 
mass  culminated  in  the  work  of  Liapounov.^  In  the  case  of  a  homo¬ 
geneous  liquid,  Liapounov  and  Poincard  developed  new  methods  to  solve 
the  functional  equation  mentioned  above.  This  equation  was  reduced  to  a 
set  of  integral  equations.  The  series  expansion  of  the  gravitation  poten¬ 
tial  of  a  heterogeneous  mass  was  the  crucial  point  in  the  new  method  of 
Liapounov.  The  use  of  correlated  integrodifferential  and  integral  equations 
led  him  to  the  solution  of  the  problem.  The  existence  of  figures  of 
equilibrium  of  heterogeneous  liquid  masses,  which  differ  but  little  from 
ellipsoids,  has  been  proved  so  far  and  they  can  be  determined  with  the 
highest  precision. 

In  his  numerous  investigations,  Lichtenstein^  gave  certain  modifica¬ 
tions  to  Liapounov’s  method  and  applied  this  theory  to  several  other 
problems. 

Neither  the  celestial  bodies  nor  the  earth  are  actually  in  equilibrium. 
The  sun,  Jupiter,  and  Saturn,  for  example,  show  a  zonal  rotation  with  the 
equatorial  belt  having  a  shorter  period  of  rotation  than  that  of  the  polar 
regions.  If  the  angular  velocity  is  a  function  of  the  distance  from  the 
axis  of  rotation,  the  figures  can  also  be  found.  The  problem  has  been 
attacked  by  different  methods  (see,  for  example,  R.  Wavre®).  Jardetzky* 
applied  the  method  of  Liapounov  to  determine  the  figures  of  the  zonal 
rotation  of  homogeneous  as  well  as  of  heterogeneous  masses,  which  differ 
but  little  from  ellipsoids. 

There  is  no  doubt  that,  to  find  a  better  approximation  to  the  actual 
conditions  in  stars  and  nebulae  and,  perhaps,  in  some  planets,  a  connec¬ 
tion  between  the  zonal  rotation  and  convection  currents  must  be  es¬ 
tablished.  Numerous  investigations  deal  with  this  complex  of  problems. 
Some  of  these  problems  still  await  solution.  Among  these  problems,  the 
effect  of  a  zonal  rotation  in  a  core  on  the  formation  of  the  crust  is  one  of 
the  most  important. 
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The  liquid  or  gaseous  masses  in  celestial  bodies  were  subjected  to 
periodical  and  progressive  deformations.  The  theory  of  tides  is  a  well- 
developed  chapter  of  celestial  mechanics.  The  aperiodic  changes  in 
figures  of  celestial  bodies,  however,  attracted  less  attention.  They  are 
more  difficult  to  analyze,  but  they  should  bring  more  insight  to  studies  of 
the  evolution  of  the  earth. 

One  of  the  basic  assumptions  in  the  theories  mentioned  above  is  that  a 
fluid  mass  is  isolated  in  space.  The  influence  of  other  bodies  has  been 
taken  into  account,  for  example,  in  the  theory  that  tides  in  the  earth’s 
body  are  produced  by  the  moon  and  the  sun.  Nonperiodical  changes  in  the 
shape  of  a  liquid  or  gaseous  mass  due  to  the  presence  of  another  similar 
body  constitute  the  first  part  of  the  double  star  problem.  A  modification 
of  this  problem  is  the  case  wherein  the  shape  of  a  planet  is  affected  by  a 
satellite.  The  deviations  in  such  systems  of  bodies  from  some  known 
figures  of  an  isolated  mass  depend,  obviously,  on  dimensions  of  compo¬ 
nents  and  their  mutual  distances. 

The  list  of  problems  involved  in  the  theories  of  figures  of  celestial 
bodies  is  much  longer  than  that  given  here.  We  close  it  by  mentioning  one 
more  example:  the  stratification  in  stars,  which  also  has  been  discussed 
in  many  investigations. 
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THE  CONCEPT  OF  EARLY  LEARNING  ♦ 

By  James  Drever 

University  of  Edinburgh,  Edinburgh,  Scotland 

Though  people  have  always  believed  that  early  learning  is  important, 
it  has  been  difficult  to  say  how  important  it  is  as  compared  with  later 
learning.  During  the  past  10  or  15  years,  however,  evidence  of  a  factual 
and  detailed  kind  has  been  accumulating,  and  it  now  seems  possible  to 
advance  beyond  folklore  and  make  a  few  well-founded  generalizations. 
Three  distinct  kinds  of  research  account  for  this  new  approach.  First, 
war-time  evacuation  and  the  postwar  increase  in  juvenile  delinquency 
stepped  up  the  amount  of  work  being  done  on  the  early  family  environment 
and,  particularly,  on  the  effects  of  maternal  deprivation.  Bowlby^^  has 
summarized  this  work  in  his  World  Health  Organization  report,  Maternal 
Care  and  Mental  Health.  Second,  a  group  of  European  biologists  working 
with  animals  in  a  natural  environment,  have  drawn  attention  to  the  fact 
that  certain  kinds  of  learning  seem  possible  only  during  limited  periods 
in  early  life.  If  there  is  no  opportunity  to  learn  during  the  appropriate 
period,  then  the  learning  does  not  occur,  whatever  may  be  the  course  of 
later  events.  Lorenz^®**  and  Tinbergen^**  have  both  reported  in  English 
on  this  work.  Third,  Hebb^^  published  in  1949  an  ingenious  and  influ¬ 
ential  collection  of  facts  and  surmises  about  behavior  in  which  he 
suggested  that  the  insightful  learning  characteristic  of  the  higher  ani¬ 
mals  is  a  kind  of  skill  which  must  itself  be  learned.  Early  learning  is 
thus  held  to  be  different  in  kind  from  later  learning,  but  to  be  a  condition 
upon  which  later  learning  depends.  A  number  of  experiments  have  since 
been  carried  out  which  seem  to  support  at  least  some  of  Hebb’s  claims. 
The  object  of  this  paper  is  to  survey  briefly  the  findings  in  these  three 
areas  and  to  see  to  what  degree  they  can  be  brought  into  relationship 
with  each  other. 

The  contemporary  effects  of  maternal  deprivation  during  the  first 
five  years  of  life  need  not  concern  us.  They  are  striking,  and  have  been 
studied  extensively  by  Ribble,^®  Bakwin,^  Gesell,^^  and  others,  but 
they  might  be  paralleled,  perhaps,  by  the  effects  of  some  profound 
emotional  disturbance  occurring  at  any  age.  The  developmental  retar¬ 
dation  as  reported,  for  example,  by  Spitz  and  Wolf,^^  though  more  rele¬ 
vant,  is  also  outside  our  scope,  since  it  is  not  clear  from  the  data  how 
far  a  subsequent  favorable  environment  might  remedy  matters.  In  any 
case,  work  by  Bayley  has  suggested  that  a  developmental  quotient 
assessed  during  the  first  five  years  is  not  very  reliable  and  is  extremely 


*This  paper  was  presented  at  a  meeting  of  the  Section  on  March  21t  1955. 
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sensitive  to  environmental  influences.  The  studies  to  be  used  in  this 
paper  have  been  carried  out  on  older  children.  They  are  numerous 
and  vary  greatly  in  quality,  but  the  conclusions  reached  in  them  are 
strikingly  similar.  Investigations  by  Bowlby,®“  Bender,^  and  Goldfarb*^ 
may  be  taken  as  representative. 

Bowlby  studied  a  group  of  44  young  thieves  and  described  14  of  them 
as  having  what  he  called  “affectionless”  characters.  “Clinically,” 
he  says,  “they  appear  emotionally  withdrawn  and  isolated.  They  fail  to 
develop  libidinal  ties  with  other  children  or  with  adults  and  consequently 
have  no  friendships  worth  the  name.  It  is  true  that  they  are  sometimes 
sociable  in  a  superficial  sense,  but  if  this  is  scrutinized  we  find  that 
there  are  no  feelings,  no  roots  in  these  relationships.”  Of  the  14  cases 
showing  this  syndrome,  12  had  a  history  of  separation  from  the  mother 
during  the  first  three  years,  while  among  the  remaining  30  only  5  had 
such  a  history.  The  difference  is  significant  at  the  1  per  cent  level. 

In  1941,  Bender  and  YamelP  presented  an  extensive  survey  of  child 
psychiatric  disorders.  In  it  they  identify  a  “psychopathic  behavior 
disorder”  exhibited  by  a  number  of  foundlings.  “These  children  are 
given  the  best  pediatric  care,  and  are  good  physical  specimens,  but 
they  have  been  deprived  of  social  contacts  and  play  materials,  and  as 
a  result  they  show  delayed  speech,  and  retardation  in  all  behavior 
patterns.”  In  addition,  they  are  “hyperkinetic  and  asocial,”  and  follow¬ 
up  studies  suggest  that  these  traits  persist  in  spite  of  a  later  favorable 
environment. 

Goldfarb’s*^  studies  are  the  most  conclusive  in  that  they  do  not 
rely  entirely  upon  a  clinical  population.  Goldfarb  compared  two  groups 
of  foster  home  children,  each  group  providing  15  cases  for  study.  Members 
of  one  group  had  been  in  an  institution  between  six  months  and  three 
and  one-half  years,  while  members  of  the  other  group  had  gone  directly 
from  their  own  to  their  foster  homes.  He  found  significant  differences  on 
a  number  of  variables  which  included  intelligence,  social  maturity,  and 
capacity  for  relationships.  Summing  up,  he  says,  “Long  after  the  baby 
has  left  the  institution  and  even  after  years  in  a  foster  home,  he  still 
demonstrates  isolated,  infantile,  impoverished  character  trends.”  Later, 
and  perhaps  going  a  little  beyond  his  evidence,  he  claims  that  “Privation 
effects  are  permanent  in  institution  children.”  Or,  again,  “The  psycho¬ 
logical  injury  is  analogous  to  the  crippling  physical  loss  of  a  limb  which 
can  never  be  stimulated  to  grow  again.” 

These  data  suggest  that  the  ability  to  establish  satisfactory  emotional 
relationships  with  other  people,  and  all  that  depends  upon  that  ability, 
is  based  on  some  sort  of  learning  process  which  involves  a  mother  or 
mother  substitute.  This  learning  process,  moreover,  must  occur  early  or 
it  cannot  occur  at  all. 

Turning  now  to  studies  at  the  animal  level,  Liddell  has  demonstrated 
severe  contemporary  emotional  disturbance  associated  with  short  periods 
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of  separation  from  the  mother  in  one  twin  kid,  but  data  on  long  term 
effects  are  difficult  to  find.  Bruckner’s  well-known  early  experiment 
with  the  “Kaspar  Hauser”  chickens,  which  involved  complete  isolation 
for  a  week  or  two  after  hatching,  certainly  produced  asocial  and  hyper¬ 
kinetic  birds  but,  of  course,  nearly  all  modem  chickens  suffer  maternal 
deprivation.  Perhaps  that  is  why  they  are  so  stupid.  In  this  area  the 
most  interesting  studies  have  to  do  with  the  process  which  Lorenz  has 
called  “imprinting.”  Those  who  have  read  his  popular  account  in  King 
Solomon’s  Ring  will  remember  that  newly  hatched  ducklings  identify  as 
mother  the  first  living  creature  who  quacks  in  their  vicinity.  Several 
workers  have  reported  a  similar  response  to  visual  stimuli  on  the  part 
of  goslings.  The  process  has  been  described  as  rather  sudden  and 
irreversible,  a  sort  of  switching  which  renders  the  young  organism 
accessible  and  dependent  in  a  way  which  makes  further  social  learning 
relatively  easy.  It  is,  of  course,  a  commonplace  in  the  domestication  of 
wild  animals  that  a  very  early  start  is  desirable.  In  many  species,  delay 
beyond  a  certain  stage  makes  real  domestication  impossible. 

Much  of  the  evidence  in  this  area  of  animal  studies  is  still  anecdotal 
and,  by  itself,  would  hardly  warrant  conclusions  of  a  general  kind,  but 
the  analogy  with  what  has  been  found  in  clinical  studies  at  the  human 
level  is  in  some  ways  rather  striking.  In  a  number  of  species,  there  can 
be  demonstrated  an  early  recognition  of  a  mother  not  necessarily  of  the 
same  species.  This  recognition  is  an  all-or-none  phenomenon  and,  once 
it  has  been  made,  it  leads  to  further  stages  of  development  for  which 
terms  such  as  learning  and  identification  seem  appropriate.  When  contact 
with  the  mother  is  interrupted,  contemporary  distress  is  shown  and, 
possibly,  the  social  learning  process  is  impaired.  In  the  absence  of  a 
mother  or  mother  substitute  during  the  crucial  early  period,  one  would 
expect  the  organism  to  remain  inaccessible  to  certain  kinds  of  social 
stimulation  and  reinforcement,  and  thus  fail  to  establish  certain  skills. 
The  psychopathic  reactions  shown  by  the  children  referred  to  earlier 
may  not  be  so  much  a  direct  consequence  of  deprivation  as  a  result  of 
the  frustrations  arising  from  social  and  emotional  incompetence. 

Hebb’s  approach  to  the  problem  of  early  learning  is  more  direct  and 
systematic  than  most  of  the  studies  referred  to  so  far.  He  also  gives 
his  theories  a  neurological  slant  though,  in  this  region,  they  remain 
largely  speculative.  During  early  learning,  Hebb  suggests,  organization 
occurs  in  the  nonspecialized  cortical  areas,  and  this  organization  acts 
as  a  basis  for  the  perceptual  skills  and  insights  upon  which  later  learning 
in  part  depends.  Much  of  the  evidence  Hebb  used  has  since  been  called 
in  question.  The  cases  of  recovery  after  operation  from  congenital 
cataract  described  by  Senden^®  do  not  all  present  the  same  picture  of 
long-term  visual  impairment.  Also,  the  apes  reared  in  darkness,  whose 
behavior  was  described  by  Riesen,^  ^  seem  to  have  suffered  some  organic 
damage.  But  subsequent  experimental  work  undertaken  to  test  Hebb’s 
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hypothesis  seems  uniformly  favorable  to  it. 

Bingham  and  Griffiths^  found  that  rats  reared  in  a  wide  environment 
were  superior  in  maze-learning  ability  to  animals  reared  in  laboratory 
cages  or  boxes.  Hymovitch  *  *  carried  out  an  experiment  in  which  one 
group  of  rats  was  given  free-environment  experience  during  early  life 
and  restricted  to  stovepipe  cages  later,  while  another  group  was  restricted 
to  the  stovepipe  cages  in  early  life  and  given  free-environment  experience 
later.  The  group  whose  free-environment  experience  came  early  was 
significantly  superior  on  the  Hebb-Williams  maze.  Forgays  and  Forgays^ 
were  able  to  discriminate  between  a  free-environment  group  of  rats 
raised  with  playthings  and  one  raised  without.  They  also  confirmed  the 
differential  effects  of  free  and  restricted  early  environments.  Fergus^  ° 
obtained  similar  results  and  suggested  that  “the  quality  of  an  animal’s 
infant  experience  will  determine  the  kinds  and  number  of  'hypotheses’ 
they  can  test  when  solving  a  problem  at  adulthood.’’ 

Hymovitch  also  carried  out  an  experiment  comparing  two  groups  of 
rats.  One  group  had  been  blinded  early  and  the  other  late.  He  obtained 
differences  in  the  expected  direction,  but  they  were  not  significant. 
There  is,  however,  a  good  deal  of  equivalent  evidence  with  regard  to 
human  subjects  blinded  at  various  ages,  and  some  of  these  data  are 
highly  significant. 

Following  earlier  work  by  Duncan*  and  Worchel,*^  the  present  writer^ 
studied  two  groups  of  blind  children  ranging  in  ages  from  nine  and  one- 
half  to  nineteen  and  one-half  years.  One  group,  19  in  number,  consisted 
of  children  who  had  been  bom  blind  or  whose  vision,  by  the  age  of  four, 
was  such  that  they  could  not  distinguish  objects  of  any  sort.  The  other 
group,  18  in  number,  contained  subjects  who  had  lost  their  sight  at 
various  later  ages,  but  who  had  not  become  blind  within  the  two  years 
preceding  the  investigation.  The  groups  were  closely  matched  for  age 
and  intelligence.  Another  matched  group  of  37  seeing  children  was  also 
investigated.  These  children  were  blindfolded  for  the  purposes  of  the 
experiment.  The  differences  between  the  two  blind  groups,  however,  are 
all  that  need  be  considered  here. 

Using  a  figure-recognition  test  devised  by  Worchel  and  an  orientation 
test  in  which  the  subjects  had  to  replace  pegs  after  the  board  in  which 
they  had  first  felt  them  was  rotated  through  180°,  highly  significant 
differences  were  found  between  the  two  blind  groups.  There  was  no 
significant  age  relationship  among  the  children  of  the  late  blind  group, 
suggesting  that  the  learning  upon  which  performance  depended  must 
occur  early,  nor  was  there  any  significant  relationship  within  this  group 
between  scores  registered  and  time  elapsed  since  blinding.  Similar 
results  were  obtained  with  the  early  blind  group.  In  the  cases  where 
blinding  had  occurred  within  the  first  four  years  of  life,  no  relationship 
to  age  and  scores  registered  was  found.  The  data  seem  to  indicate  the 
existence  of  a  rather  prolonged  early  apprenticeship  which  makes  possi- 
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ble  certain  kinds  of  spatial  performance.  Though  this  apprenticeship 
does  in  fact  occur  early,  it  has  not  been  demonstrated  that  this  must 
be  so.  But  even  if  we  qualify  the  evidence  from  recovered  cataract 
patients,  it  seems  to  supply  some  fairly  solid  support  for  the  apprentice¬ 
ship  theory. 

When  we  review  the  rather  varied  material  that  has  been  presented 
here,  it  would  seem  to  hang  together  in  quite  an  impressive  way.  Moreover, 
in  this  exploratory  kind  of  investigation,  it  is  well  to  remember  that 
negative  evidence  is  mostly  beside  the  point.  No  doubt  it  is  possi¬ 
ble  to  discover  many  adult  performances  in  which  the  influence  of  early 
learning  does  not  show  up  but,  even  granting  this  possibility,  it  has 
nonetheless  been  demonstrated  that  early  learning  contributes  in  a  way 
different  from  later  learning  to  quite  a  wide  range  of  behavior  in  both 
animals  and  humans.  This  difference,  in  itself,  is  enough  to  raise  some 
interesting  theoretical  and  practical  questions. 

On  the  theoretical  level,  it  is  clear  that  Lorenz  and  Hebb  viewed  the 
nature  of  early  learning  differently,  but  they  are  not  necessarily  opposed 
to  one  another,  since  each  had  a  different  concrete  example  in  mind. 
Lorenz’s  imprinting  is  a  rather  rapid  process  depending  on  an  “angeborene 
Schema”^**  or  innate  organization  of  some  sort.  Hebb,  on  the  other 
hand,  assumes  that  early  learning  is  characteristically  slow  and  repeti¬ 
tive  until  it  has  built  up  the  kinds  of  neural  assembly  which  make  sudden 
problem  solving  possible.  Where  there  is  an  iimate  organization  or 
assembly,  this  would  not  of  course  apply.  With  regard  to  maternal 
deprivation  at  the  human  level,  it  has  been  rather  taken  for  granted  in 
recent  years  that  the  mother’s  presence  becomes  associated  with  the 
reduction  of  various  biological  needs  and  has  thus  a  secondary  reward 
value.  Such  a  view  is  not  very  plausible  in  face  of  the  contemporary 
disturbance  shown  by  very  young  infants  in  hospitals  and  institutions 
but,  on  the  other  hand,  the  long-term  ill  effects  of  maternal  deprivation 
seem  most  marked  when  they  occur  between  the  ages  of  six  months  and 
three  years.  It  is  possible  that  two  mechanisms  are  involved  here.  The 
idea  that  an  infant  may  be  innately  disposed  to  become  especially 
responsive  to  one  individual  may  be  unfashionable,  but  it  is  not  un¬ 
reasonable.  Only  after  such  responsiveness  is  elicited  can  certain  kinds 
of  early  learning,  in  Hebb’s  sense,  be  brought  about.  As  has  been  sug¬ 
gested  previously,  the  so-called  psychopathic  behavior  disorder  of 
deprived  children  may  be  essentially  a  kind  of  inexperience,  but  an 
inexperience  dating  from  a  decisive  developmental  period,  the  conditions 
of  which  are  never  repeated.  If  this  interpretation  is  correct,  then  it 
may  be  that  maternal  care  is  a  necessary,  but  not  a  sufficient  condition 
for  satisfactory  social  learning. 

Turning  now  to  the  experimental  data,  both  animal  and  human,  there 
would  seem  here  to  be  evidence  that  adult  behavior  exhibits  some  rather 
generalized  skills  which  are  acquired  early  and  underlie  performance  in 
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a  way  not  unlike  that  claimed  for  abilities  by  the  testers.  A  long  term 
experiment  similar  to  the  one  Hymovitch  carried  out  on  rats  (but  this  time 
with  human  subjects)  should  be  very  worthwhile.  It  might  well  be  that 
a  factorial  study  of  the  test  performance  of  subjects  10  or  12  years  old 
would  reveal  differential  effects  for  training  programs  at  3  or  4  years 
but  not  at  8  or  9  years.  Cross-cultural  studies  might  throw  some  light 
on  this  problem  without  the  necessity  of  a  12-year  delay. 

Finally,  if  the  distinction  between  early  and  late  learning  is  a  valid 
one,  then  it  seems  desirable  that  learning  theory  should  take  it  into 
account.  Most  of  our  present  knowledge  is  based  upon  work  with  sophisti¬ 
cated  organisms  in  the  sense  that  they  have  learned  to  learn  or  even 
to  be  motivated.  It  may  be,  as  HeuL.  suggests,  that  some  of  our  present 
controversies  would  disappear  if  we  paid  more  attention  to  the  fact  that, 
when  we  describe  both  an  undergraduate  and  a  neonate  as  naive  subjects, 
we  are  using  the  word  naive  in  two  quite  different  senses.’ 
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SECTION  OF  OCEANOGRAPHY  AND  METEOROLOGY 

THUNDERSTORMS  AND  PROJECT  SKYFIRE* 

By  Vincent  J.  Schaefer 
The  Munitalp  Foundation,  Inc.,  New  York,  N.  Y. 

The  thunderstorm  born  on  the  sun-heated  slopes  of  the  Wallowa  and 
Clearwater  Mountains  in  the  western  Rockies  of  the  northwestern  United 
States  constitutes  a  major  threat  to  the  existence  of  some  of  the  most 
valuable  timber  resources  of  America.  Virgin  stands  of  white  and  pon- 
derosa  pine,  western  cedar,  larch,  and  similar  valuable  forest  trees  cover 
more  than  20  million  acres  of  mountain  wilderness  east  of  the  Columbia 
and  Snake  Rivers  in  Idaho  and  western  Montana. 

Unlike  most  other  regions  where  human  carelessness  with  fire  con¬ 
stitutes  the  greatest  single  hazard  to  the  life  of  the  forest,  the  opposite 
is  true  in  these  northwestern  forests.  More  than  two  thirds  of  the  forest 
fires  which  occur  come  from  fires  started  by  lightning,  and  most  of  these 
come  from  relatively  small,  so-called  “dry”  lightning  storms.  On  a 
single  August  afternoon  in  1953,  more  than  400  fires  started  in  this 
manner.  When  a  “lightning  bust”—  as  the  forest  rangers  call  it— occurs, 
the  elaborate  and  costly  facilities  available  are  quite  inadequate  to  cope 
with  the  large  number  of  fires  which  spot  the  forests.  As  a  result,  much 
timber  is  lost  and  the  available  manpower  supply  is  worked  to  exhaustion 
in  the  all-out  effort  to  prevent  a  conflagration. 

For  many  years,  the  United  States  Forest  Service  has  recognized  the 
need  for  obtaining  basic  knowledge  about  forest  fires,  regarding  the  man¬ 
ner  in  which  they  spread,  the  forecasting  of  fire  danger  periods,  and  the 
potential  danger  in  various  types  of  forests  and  under  different  kitids  of 
lumbering  debris.  Many  interesting  developments  have  resulted  from 
these  important  research  studies. 

Airplanes  have  played  many  important  roles  in  these  antifire  activities 
and  are  now  an  indispensable  factor  in  these  operations.  The  types  of 
planes  used  range  all  the  way  from  small,  single-engine  Beechcrafts  and 
Navions  for  fire  detection  patrol;  for  the  examination  of  areas  not  visible 
from  mountain  top  lookouts;  and  to  search  for  hidden  hollow-tree  fires  at 
night;  to  the  use  of  old  Ford  Trimotors  for  dropping  fire  fighters,  equip¬ 
ment,  and  hot  food  to  the  fire  line,  as  well  as  helicopters  in  rescue  oper¬ 
ations  and  handling  emergency  deliveries  at  inaccessible  locations. 
Experimental  studies  in  the  use  of  the  airplane  in  combatting  fires  con¬ 
tinue;  for  example,  trying  out  water  and  chemical  bombing  of  small  fires. 

Since  the  lightning  storm  plays  such  an  important  role  in  the  welfare  of 
the  western  forests,  the  characteristics  of  thunderstorms  have  been  ob- 

*This  paper  was  presented  at  a  meeting  of  the  Section  on  March  22,  1955. 
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served  off  and  on  for  a  number  of  years.  The  writer  first  became  involved 
in  this  study  in  1948  when  he  was  approached  by  Harry  Gisborne  of  the 
United  States  Forest  Service,  one  of  the  early  pioneers  in  the  application 
of  scientific  research  to  fire  studies. 

The  spectacular  effects  which,  under  suitable  atmospheric  conditions, 
may  be  produced  in  supercooled  cumulus  clouds  by  introducing  dry  ice 
and  silver  iodide  to  modify  clouds,  raised  the  distinct  possibility  that 
lightning  storms  might  be  prevented  by  seeding  potential  storm  clouds 
and  thus  changing  them  before  they  become  large  enough  to  produce 
lightning.  After  spending  most  of  a  month  on  a  mountain  summit  in  northern 
Idaho  looking  at  the  clouds  that  produced  thunderstorms,  the  writer  be¬ 
came  convinced  that  the  local  storms  responsible  for  causing  the  most 
troublesome  dry  thunderstorm  were  of  a  type  susceptible  to  artificial 
modification.  It  was  pointed  out,  however,  that  a  considerable  amount  of 
additional  information  would  be  required  before  useful  and  worthwhile 
experiments  in  this  field  could  be  undertaken. 

Since  such  storms  are  of  local  origin  and  originate  at  certain  cloud¬ 
breeding  locations,  it  was  necessary  to  establish  the  specific  locations 
of  these  sites.  Such  “cloud  breeders”  are  particular  mountain  slopes, 
wind  gaps,  ridges,  and  similar  topographic  features  which,  because  of  a 
combination  of  factors,  lead  to  the  localized  development  of  cumulus 
before  such  clouds  form  anywhere  else.  Thus  the  mountainous  region 
visible  from  a  location  such  as  Gisborne  Mountain  in  northern  Idaho, 
consisting  of  about  a  million  acres  and  perhaps  a  hundred  mountains, 
contains  only  eight  or  ten  locations  which  are  good  cloud-breeding  spots. 
Of  these,  only  four  or  five  are  likely  to  be  important  under  a  specific 
meteorological  condition  having  a  certain  vertical  wind  field,  moisture 
supply,  and  temperature  profile.  Not  all  warm  days  in  the  summer  produce 
lightning  storms.  If  there  is  a  lack  of  moisture,  a  temperature  inversion, 
wind  shear,  cold  ground,  a  shield  of  high  clouds,  or  unfavorable  concen¬ 
tration  of  ice-crystal  nuclei,  the  thunderstorm  fails  to  develop.  These 
complicating  factors  must  be  understood,  to  a  certain  extent  at  least,  if 
intelligent  cloud-seeding  operations  are  to  be  effective  and  the  results 
understandable.  Unfortunately,  many  of  these  factors  have  not  been 
studied  in  the  past,  so  that  entirely  new  techniques  and  methods  must  be 
devised  to  gather  useful  scientific  data.  The  possible  benefits  to  local 
and  even  world-wide  problems  which  may  be  aided  by  a  proper  approach 
to  the  new  science  of  experimental  meteorology  are  of  such  potential 
value  that  it  is  worthwhile  to  spend  considerable  thought  and  effort 
toward  doing  a  good  scientific  job. 

After  the  field  trip  into  Idaho  in  1948,  the  writer  made  a  number  of 
recommendations  to  the  Forest  Service.  *  Among  these  was  the  suggestion 
that  much  useful  data  could  be  obtained  by  having  relatively  untrained 
personnel,  such  as  fcwest-fire  lookouts,  gather  certain  types  of  informa¬ 
tion  concerning  locations  of  cloud-breeding  spots,  the  length  of  time 
required  to  form  thunderstorms,  the  height  and  nature  <rf  the  clouds  which 
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produce  lightning,  and  the  tracks  which  are  followed  by  active  storms. 

In  1952,  the  initial  effort  toward  setting  up  n  coordinated  program  was 
inaugurated  by  the  writer  and  Jack  Barrows,  of  the  Forest  Service, 
who  placed  five  time-lapse  motion  picture  cameras  in  as  many  mountain- 
top  fire-lookout  towers.^  The  results  of  this  effort  were  so  encouraging 
that  it  was  decided  to  expand  the  network  in  1953  to  25  mountain  summits, 
with  cameras  located  at  strategic  locations.  In  addition,  all  lookout 
stations  were  to  be  occupied  by  individuals  who  were  interested  in  the 
problem  and  had  received  intensive  schooling  in  cloud  identification  and 
weather  observing. 

This  program,  termed  Project  Skyfire,  was  the  result  of  a  cooperative 
effort  between  the  United  States  Forest  Service  and  the  Munitalp  Founda¬ 
tion,  Inc.  This  latter  group’s  program  involves  the  encouragement  of  basic 
scientific  research  in  meteorology  with  special  emphasis  on  atmospheric 
physics.  Three  days  of  intensive  work,  both  indoors  and  on  a  mountain 
summit,  transformed  the  fire  observers  from  a  group  of  individuals  with 
only  a  casual  interest  in  clouds  to  a  group  that  became  intensely  inter¬ 
ested  in  the  role  that  clouds  play  in  producing  storms  and  other  types  of 
weather  manifestations.^ 

Following  the  conclusion  of  the  field  school,  the  observers  scattered 
to  their  respective  mountain  tops.  Several  weeks  later,  members  of  the 
Forest  Service  and  of  the  Foundation  visited  each  of  the  mountain  tops 
to  make  sure  that  each  observer  understood  his  special  duties.  These 
follow-up  trips  involved  the  use  of  such  varied  transportation  as  small 
aircraft,  pick-up  trucks,  horseback,  and  “shanks  mare”  (hiking).  In  some 
cases,  the  visits  required  foot  trips  involving  climbing  over  snow  fields 
15  feet  deep  and  several  miles  in  length  to  reach  the  mountain  summits 
7000  to  8500  feet  above  sea  level.  Some  of  the  wildest  regions  in  the 
United  States  are  in  these  mountains.  Large  areas  are  without  roads  of 
any  sort.  The  only  travel  routes  consist  of  narrow  foot  trails  or  isolated 
“one-shot”  small-aircraft  landing  fields.  The  fliers  who  service  the  area 
are  among  the  best  of  the  “bush  pilots”  of  America,  and  their  exploits 
comprise  a  fascinating  saga  of  adventure. 

In  addition  to  observing  and  recording  cumulus  clouds  of  the  sort  that 
produce  thunderstorms,  an  effort  was  also  made  to  locate  the  presence  of 
a  jet  stream  whenever  it  was  over  the  region.'* 

The  jet  stream,  a  narrow  band  of  high-velocity  wind  which  meanders 
through  the  sky  like  a  great  river,  is  of  much  importance  to  weather 
developments  and  aircraft  flight.  Several  years  ago,  the  writer  discovered 
that  certain  special  cloud  forms  could  be  used  to  locate  the  presence  of 
this  important  weather  phenomenon.  Part  of  the  research  effort  of  Project 
Skyfire  was  to  test  the  feasibility  of  this  method  for  locating  jet  streams. 

In  conducting  the  cloud  survey,  a  headquarters  was  established  in  the 
Priest  River  valley  of  northern  Idaho,  where  the  Forest  Service  has  a 
field  laboratory.  Although  many  of  the  25  mountain  summits  in  the  Project 
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Skyfire  network  are  long  distances  from  civilization,  they  all  are  equipped 
with  short-wave  radios.  It  was  thus  possible  to  maintain  communication 
with  them  and  to  obtain  special  reports  on  days  of  particular  interest.  By 
notifying  the  chief  Forest  Service  radio  dispatcher  in  the  morning  that  a 
special  cloud  report  was  desired  from  all  stations  at  noon,  it  was  found 
that  a  complete  report  of  the  cloud  forms  over  the  entire  area  could  be 
obtained  by  midafternoon.  These  data  could  be  quickly  plotted  on  a 
regional  map  mounted  on  sheet  steel  by  maneuvering  cloud  symbols  held 
with  magnets.  In  a  similar  manner,  using  the  more  detailed  daily  reports, 
separate  photographic  records  could  be  prepared  of  all  active  cloud¬ 
breeding  areas,  large  cumulus  formations,  active  thunderstorms,  storm 
tracks,  and  jet  stream  clouds  which  occurred  in  the  survey  area.  After 
plotting  these  data,  the  location  of  the  jet  stream  was  indicated  as  de¬ 
termined  by  high-altitude  balloon  soundings  and  presented  on  the  WBAN 
Times  Facsimile  maps,  obtained  at  the  central  office  in  Missoula,  Mont. 

In  this  manner,  it  was  possible  to  correlate  v/eather  developments  and 
cloud  formations  with  the  presence  or  absence  of  jet  stream  winds.  Many 
important  and  interesting  relationships  were  indicated  and  are  now  under 
study. (S) 

On  June  28,  1954,  the  second  season  of  Project  Skyfire  was  inaugurated 
with  the  start  of  the  Cloud  Observers’  School  at  the  Priest  River  Experi¬ 
mental  Forest  in  northern  Idaho.  The  1954  mountain  summit  netwiirk  was 
reduced  to  17  locations  as  the  result  of  the  1953  field  studies.  Two  of 
these  were  not  in  the  overlapping  network.  One,  at  Russel  Mountain  in 
the  Wallowa  Mountains  of  eastern  Oregon,  was  selected,  since  it  was 
located  in  the  region  which  the  1953  study  showed  to  be  one  of  the  major 
lightning-stcxm  generation  areas.  The  second  outlying  station  was  at 
Mount  Washburn  in  the  Snowy  Range  of  northwestern  Wyoming.  It  was 
located  in  that  region  to  serve  as  a  check  on  the  cloud  and  storm  patterns 
down-wind  from  the  southern  part  of  the  main  network. 

The  value  of  these  two  stations  was  well  demonstrated  on  July  29, 
1954,  when  a  strong  jet  stream  flowing  into  the  region  from  the  west  south¬ 
west  produced  a  line  of  highhanded  cirrus  clouds  southeast  of  Russel 
Mountain.  These  clouds  were  photographed  by  the  time-lapse  camera 
operated  by  the  observer  on  Russel.  More  than  200  miles  “downstream,” 
the  same  line  of  clouds  were  recorded  in  a  similar  manner  from  Washburn 
Mountain  with  the  camera  pointed  north  and  northeast. 

A  number  of  lightning  storms  were  also  observed  to  form  in  the  Wallowa 
Mountains  and  they  provided  further  evidence  of  the  importance  of  this 
region  as  a  source  of  lightning  storms  that  cause  fires  in  the  Clearwater 
Mountains  of  Idaho. 

Perhaps  the  most  interesting  result  of  the  project  is  the  discovery  that 
at  least  three  distinctly  different  kinds  of  lightning  storms  pass  over  the 
region  under  study.  All  cause  cloud-to-ground  strikes  that  may  produce 
forest  fires. 
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The  least  dangerous  of  these  storms  seems  to  be  the  frontal  type, 
which  advances  on  a  wide  front,  producing  many  cloud-to-ground  lightning 
strokes.  This  type  of  storm  is  generally  accompanied  by  heavy  rain,  so 
that  any  fires  which  may  originate  are  generally  quenched  before  they  do 
any  damage.  These  storms  are  infrequent  in  the  region  during  the  fire 
season. 

The  second  type  of  storm  is  the  air-mass  type  that  forms  over  cloud¬ 
breeding  sites.  These  storms  may  require  three  or  four  hours  to  develop 
and,  when  reaching  the  active  stage,  they  move  at  the  rate  of  a  few  miles 
an  hour.  They  may  be  accompanied  by  only  a  small  amount  of  rain  and, 
consequently,  may  produce  numerous  fires.  The  active  storms  have  bases 
at  9000  to  12,000  feet  above  sea  level.  The  vertical  thickness  of  such 
clouds  generally  exceeds  14,000  feet  before  lightning  occurs. 

The  third  type  of  storm  I  have  termed  a  high-level  storm.  This  type  has 
been  observed  to  show  relatively  small  vertical  development  with  a  very 
high  cloud  base.  High-level  storms  develop  rapidly  and  move  across  the 
region  at  speeds  which  may  reach  50  miles  an  hour.  One  such  storm  ob¬ 
served  and  photographed  from  the  summit  ctf  Gisborne  Mountain  had  a 
cloud  base  of  about  20,000  feet,  and  yet  was  producing  cloud-to-ground 
strokes.  Some  strokes  had  a  vertical  path  below  the  cloud  base  of  15,000 
feet. 

In  most  cases,  these  fast-moving  high-level  storms  seem  to  be  closely 
associated  with  a  fast -moving  jet  stream.  The  formative  stage  appears  to 
start  as  a  falling  mammato-cirrus.  This  stage  is  then  followed  by  rising 
currents  which  form  cumulus  and  the  subsequent  storm.  It  is  possible  that 
a  wave  development  is  involved,  since  some  evidence  has  been  noted 
that  the  storm  advances  faster  than  the  discrete  cloud  units  which  are 
observed.  Further  field  studies  of  this  important  storm  type  are  planned 
fot  the  summer  of  1955.  This  type  of  storm  is  a  particularly  effective 
source  of  lightning  fires,  since  very  little  precipitation  reaches  the 
ground.  During  a  storm  observed  in  August  1948,  77  cloud-to-ground 
strokes  were  seen  in  a  47-minute  period,  during  which  the  storm  center 
travelled  22  miles.  Eleven  fires  were  caused  by  this  small  storm. 

During  the  1954  season,  field  trials  were  conducted  with  a  mobile 
weather  observatory  constructed  for  the  Foundation’s  atmospheric  physics 
research  program  at  the  Department  of  Meteorology  of  the  University  of 
Washington,  Seattle,  Wash.  This  mobile  unit  is  constructed  in  such  a 
manner  that  it  is  carried  on  a  four-wheel-drive  Dodge  Power  Wagon.  It  is 
equipped  with  many  standard  weather  instruments  and  a  number  of  newly 
developed  instruments  which  will  measure  nuclei,  atmospheric  electricity, 
etc.  A  five-kilowatt  electric  power  generator  is  mounted  on  a  detachable 
trailer,  thus  making  it  possible  to  conduct  intensive  meteorological 
studies  at  remote,  hitherto  inaccessible  locations.  Intensive  field  studies 
with  this  unit  are  planned  for  the  1955  field  season. 

It  is  expected  that  the  data  gathered  by  the  mobile  unit  will  provide  in- 
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formation  which  will  make  it  possible  to  understand  better  the  complex 
dynamic  relationships  that  combine  to  produce  “weather”  and  the  effects 
following  its  course  of  development. 

Project  Skyfire,  in  addition  to  being  an  interesting  experiment  in  co¬ 
operative  research,  should  uncover  many  new  facts  about  lightning  storms, 
forest  fires,  the  relationship  of  jet  streams  to  local  weather,  and  the 
interactions  of  the  atmosphere  that  produce  clouds  and  storms. 
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DIVISION  OF  MYCOLOGY* 

CONIDIOPHORE  ELONGATION  IN  ASPERGILLUS  GIGANTEUS: 

THE  INFLUENCE  OF  TEMPERATURE,  LIGHT  INTENSITY, 

AND  LIGHT  QUALITY** 

By  Elizabeth  B.  Gardner 

Department  of  Biology,  Boston  University,  Boston,  Mass. 

The  choice  of  an  experimental  organism  is  an  important  part  of  the 
attack  on  any  biological  problem.  Of  the  thousands  of  species  available, 
a  certain  few  organisms  or  their  parts  are  used  extensively,  while  others 
of  equal  merit  are  ignored  or  overlooked.  An  example  of  these  little-used 
organisms  is  the  fungus  Aspergillus  giganteus  Wehmer,  whose  merit 
lies  in  the  production,  under  favorable  conditions,  of  unusually  large 
conidial  structures  which  are  markedly  influenced  by  environmental 
factors.  Recognition  of  the  potential  of  this  fungus  as  a  research  organ¬ 
ism  stimulated  investigation  of  such  factors  as  oxygen  concentration, 
temperature,  light,  pH,  carbon  and  nitrogen  sources  in  their  influences 
.upon  elongation  of  these  fruiting  structures  (Gardner,  1950).  This 
paper  will  present  some  of  the  results  of  the  study  of  the  influences  of 
temperature  and  light. 

Under  optimal  conditions,  rapidly  growing  colonies  of  A.  giganteus 
first  produce  mycelium,  followed  by  production  of  short  conidiophores 
two  to  three  mm.  in  height  that  are  later  supplanted  by  the  relatively 
“gigantic”  conidial  structures  from  which  the  fungus  derives  its  name. 
These  structures  range  up  to  70  mm.  in  height,  average  100  microns  in 
diameter,  and  bear  large  clavate  vesicles.  These  unicellular  conidio¬ 
phores  arise  from  foot  cells  by  auxetic  growth  and  reach  maximum  height 
in  7  to  10  days  after  inoculation.  The  flask  on  the  left  in  figure  1 
illustrates  growth  under  favorable  conditions. 

Culture  conditions  for  general  growth  of  A.  giganteus  are  stated  by 
Thom  and  Raper  (1945).  The  fungus  was  first  described  by  Wehmer  (1907- 
1908)  and  mentioned  by  Wolf  (1938).  Its  elongation  was  briefly  studied 
by  Webb  (1942).  Philpot  et  al.  (1944)  studied  its  antibiotic  capacity. 
Studies  of  this  fungus  by  the  author  have  been  concerned  with  the 
influence  of  certain  environmental  factors  upon  three  aspects  of  elongation, 
namely  (1)  the  length  of  the  time  lag  between  inoculation  and  the  be¬ 
ginning  of  elongation  (referred  to  as  the  “induction  period”);  (2)  the 

*The  Section  of  Anthropolocy  held  a  meeting  on  March  28,  19SS  at  which  a  paper 
entitled  <*A  Dlsaater  Reaearch  Project  in  the  Netherlanda'*  was  presented  by  Dorothy 
L.  Keur.  No  abstract  of  this  paper  has  been  received. 

**Thls  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Division 
on  March  25,  1955. 

The  work  reported  here  was  presented  by  the  author  as  part  of  a  thesis  accepted  in 
partial  fulfillment  toward  the  requirements  for  the  degree  of  Doctor  of  Philosophy  ir. 
Radcliffe  College  (Harvard  University),  Cambridge,  Mass. 
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height  achieved  in  comparable  periods  of  elongate  growth;  and  (3)  the 
amount  of  tall  growth  produced.  By  the  designation  “tall”  conidiophores, 
reference  is  made  to  those  fruiting  structures  extending  upward  five  or 
more  mm.  above  the  surface  of  the  medium.  Since  no  correlation  exists 
between  dry  weight  and  tall  growth,  the  amount  of  elongation  is  ex¬ 
pressed  arbitrarily  by  numbers  1  through  4,  1  indicating  a  sparse  scatter¬ 
ing  of  a  few,  and  4  a  dense  stand  of  tall  conidiophores. 

The  characteristic  growth  curve  of  the  organism  under  optimal  con¬ 
ditions  may  be  seen  in  figure  2  (curve  for  20°  to  22° C.).  The  average 
rate  of  elongation  during  the  first  three  days  is  11.7  mm. /day  or  about 
0.5  mm. /hour.  The  mean  10-day  height  is  45.7  mm.;  standard  deviation 
is  8.8  mm.;  and  standard  error  of  the  mean  is  1.6  mm. 

The  Effect  of  Temperature  on  Conidiophore  Elongation 

Preliminary  experiments  indicated  that  temperature  exerts  marked 
influence  on  elongation:  In  fact,  temperatures  above  30°  C.  completely 
suppress  elongation.  Using  constant  temperatures  ranging  from  4°  to  35° 
controlled  illumination,  and  standard  culture  conditions,  the  following 
facts  were  determined  (see  figure  2): 

(1)  The  range  of  temperatures  compatible  with  elongate  growth  ex¬ 
tends  from  15°  to  30°  C.  with  the  optimum  range  from  20°  to  22°  for  mini¬ 
mum  length  of  the  induction  period  and  from  20°  to  25°  for  maximum 
height  and  amount  of  tall  growth. 

(2)  The  induction  period  is  lengthened  by  deviation  in  either  direction 
from  the  optimum  range.  Using  induction  period  as  an  inverse  measure 
of  the  rate  of  chemical  reactions  in  this  part  of  the  process  provides  a 
temperature  coefficient  or  of  or  2.5  for  increase  from  15°  to 
25°  C. 


(3)  Comparison  of  elongation  rates  for  the  first  three  days  of  elongation 
shows  that  a  decrease  in  rate  accompanies  divergence  in  either  direction 


Figure  3.  Effect  of  temperature  on  conidiophore  elongation  of  Aspergillus 
giganteus.  A,  15°  C  ;  B,  20°  C.;  C,  30°  C.;  D,  35°  C. 
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from  the  optimum.  Using  elongation  rate  as  the  index  of  rate  of  reactions, 
the  for  temperature  increase  from  15®  to  25®  is  or  1.6,  which 
approaches  the  range  for  photochemical  processes  (1  to  1.5). 

(4)  A  retardation  of  both  height  and  amount  of  tall  conidiophores  is 
associated  with  deviation  in  either  direction  from  the  optimum  tempera¬ 
ture,  as  may  be  seen  in  figure  3. 

(5)  Temperatures  above  optimum,  while  less  favorable  for  elongation, 
appear  to  be  entirely  suitable  for  low-type  fruiting.  Short  conidiophores 
appeared  early  and  in  abundance,  even  at  35®  C. 

It  may  seem  incongruous  that  this  organism  whose  natural  habitat  is  in 
the  tropics  should  find  its  optimal  temperature  between  20°  and  25®  C.  In 
reality,  however,  this  temperature  probably  does  not  differ  greatly  from 
that  of  the  jungle  floor  in  the  early  morning  or  after  a  heavy  shower.  At 
this  time  the  sunlight  filtering  down  through  the  leafy  canopy  will  guide 
the  tall  conidiophores  upward  to  form  their  spores  well  above  the  ground 
litter,  thus  favoring  spore  dispersal.  The  short  fruiting  structures  will 
serve  to  perpetuate  the  species  in  more  open  localities  where  higher 
temperatures  inhibit  elongation  and  in  caves  and  crevices  where  the 
stimulus  of  light  is  absent. 

The  Influence  of  Light  on  Conidiophore  Elongation 

The  classic  materials  for  the  study  of  light  growth  responses  comprise 
the  coleoptile  of  A  vena,  the  epicotyl  of  Pisum,  and  the  sporangiophore 
of  Phycomyces.  Comparable  to  the  last,  and  with  certain  additional 
qualifications,  is  the  giant  conidiophore  of  Aspergillus  giganteus.  In 
addition  to  its  size,  this  structure  has  the  advantage  that  elonga¬ 
tion  occurs  only  in  a  characteristic  contrary  to  the  condition  among 
higher  plants  and  other  fungi  in  which  elongation  of  the  structure  con¬ 
cerned  can  and  does  occur  in  darkness,  and  upon  which  light  acts  only 
to  modify  growth  rate.  With  A.  giganteus,  no  tall  conidiophores  are 
produced  in  darkness,  although  mycelial  growth  and  short  fruiting 
structures  are  produced  in  abundance.  Furthermore,  upon  return  to 
darkness  following  light  exposure,  elongation  ceases  at  once  and 
immature  conidiophores  fruit  within  a  few  hours.  Hence,  elongation  of 
the  conidiophore  in  terms  of  linear  increase  in  height  or  of  magnitude 
of  phototropic  bending  may  be  employed  directly  as  an  index  of  the 
operation  of  its  light-growth  mechanisms. 

Investigation  of  the  light  effect  on  A.  giganteus  included  definition 
of  threshold  and  optimum  light  intensities  and  determination  of  the 
range  of  spectral  sensitivity  for  elongation.  Whenever  practicable, 
intensities  were  read  directly  from  the  foot-candle  (f.c.)  scale  of  a 
General  Electric  exposure  meter.  Extremely  low  intensities  were  calcu¬ 
lated  by  the  inverse  square  of  the  distance  from  the  source. 
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The  Effect  of  Intensity  of  White  Light  on  Conidiophote  Elongation 

Using  continuous  white  light  illumination,  cultures  were  exposed  to 
different  intensities  of  incident  light  over  10-day  periods.  The  facts 
disclosed  by  these  lines  of  investigation  may  be  summarized  as  follows 
(data  in  table  1): 

(1)  Tall  conidiophores  are  produced  at  all  levels  of  light  intensity 
tested.  There  appears  to  be  no  lower  limit  of  sensitivity;  as  long  as 
any  light  is  present,  elongation  will  occur.  Nor  was  an  upper  limit 
found  above  which  elongation  was  absent,  at  least  not  up  to  and  including 
135  f.c. 

(2)  An  increase  in  length  of  the  induction  period  is  associated  with 
intensities  below  5  f.c.  but  minimum  length  of  two  days  is  maintained 
at  all  higher  intensities. 

(3)  Because  the  first  three  days  of  elongation  occupy  the  steeper 
portion  of  the  growth  curve,  heights  over  this  period  are  the  most  valid 
index  of  elongation.  Comparisons  of  heights  attained  show  no  significant 
differences  over  the  intensity  range  studied.  It  was  not  definitely  de¬ 
termined  whether  high  light  intensity  exerts  a  retarding  effect  upon 
height  distinct  from  the  suppressive  effect  of  supraoptimal  temperatures. 
Results  of  experiments  at  135  f.c.,  in  which  the  heat  factor  could  be 
considered  negligible,  were  contradictory. 

(4)  The  relationship  of  light  intensity  to  amount  of  elongate  growth 
is  recorded  in  terms  of  time-to-achieve-amount-4.  Amount  4  is  achieved 
earlier  as  intensity  is  increased  from  0.1  f.c.  to  15  f.c.  At  this  point, 
minimum  time  (three  to  four  days)  is  reached  and  persists  at  least 
through  the  level  of  20  f.c. 


Table  1 

Effect  of  Light  Intensity  on  Elongation 


Intensity 
in  f.c. 

Induction 

period 

(days) 

Height  in  mm. 

(3  days  of 
elongation) 

Amount  (4) 

(days  to  achieve) 

0.1 

5 

30 

(3-  at  10  d.) 

0.2 

31 

10 

0.4 

4W 

33 

7-8 

0.6 

4 

35 

6-7 

0.8 

3 

35 

6-7 

1.0 

3V4 

30 

6-7 

2-4 

3 

27 

7 

5-9 

2 

30 

4 

10-14 

2 

27.2 

4 

15-17 

2 

32.5 

3-4 

18 

2 

35.2 

3-4 

20 

2 

30.3 

3-4 

32 

2 

31.8 

4 

43 

2 

26.2 

5 
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With  dark  incubation  of  adequate  length  to  fulfill  optimally  the  functions 
of  that  part  of  the  induction  period,  any  time  lag  between  subsequent 
introduction  into  light  and  the  beginning  of  elongation  can  be  attributed 
to  photochemical  aspects  of  the  growth  process.  Figure  4  presents 
results  of  this  series  of  experiments.  Examination  of  these  curves 
reveals  the  following  points: 

(1)  Elongate  growth  of  cultures  dark-conditioned  one  day  does  not 
differ  significantly  from  that  of  the  controls.  Since,  in  both  cases, 
elongation  started  at  the  beginning  of  the  third  day  after  inoculation, 
it  is  obvious  that  elongation  was  uninfluenced  by  the  presence  or 
absence  of  light  during  the  first  postinoculation  day. 

(2)  In  cultures  dark-conditioned  two,  three,  and  four  days,  elongation 
began,  in  each  case,  after  a  half  day  in  light.  It  may  be  concluded, 
then,  that  of  the  typical  two-day  induction  period,  the  first  day  and  a 
half  may  be  in  either  darkness  or  light,  but  that  the  last  half  day  must 
be  in  light  if  elongation  is  to  begin  with  the  third  postinoculation  day. 


Analysis  oi  the  Induction  Period 

The  establishment  of  a  relationship  between  length  of  induction 
period  and  light  intensity  raised  a  question  regarding  the  extent  to  which 
processes  of  a  photochemical  nature  were  concerned  in  the  preparation 
for  elongation.  To  determine  what  portion  of  the  typical  two-day  induction 
period  must  be  spent  in  the  presence  of  light,  cultures  were  dark- 
conditioned  for  one  to  four  days  and  their  responses  compared  to  each 
other  and  to  controls  incubated  in  continuous  illumination. 
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The  question  was  then  raised  as  to  whether  the  non-light-requiring  | 

period  (hereafter  referred  to  as  the  “dark”  period)  contributed  more 
than  a  mycelial  mat  which  provided  a  solid  surface  favorable  to  e-  I 

longation.  If  not,  then  transfer  of  a  portion  of  mycelial  mat  to  new 
medium  should  result  in  elongation  in  about  12  hours.  Such  results, 
however,  did  not  occur.  In  every  instance,  elongation  began  only  after 
the  typical  two-day  induction  period.  There  is  little  doubt,  therefore, 
that  production  of  tall  conidiophores  requires  a  preliminary  period  j 

independent  of  light,  during  which  certain  changes  essential  to  ultimate  ! 

elongation  may  be  induced  in  the  medium.  | 

Among  the  low-intensity  experiments,  one  series  in  which  cultures 
were  read  several  times  a  day  provides  a  further  opportunity  for  esti¬ 
mation  of  the  lengths  of  dark  and  light  periods  (table  2).  Note  that 
the  intensities  compose  a  series  in  which  each  succeeding  intensity 
is  one  half  the  preceding  one.  Induction  periods  are  corrected  to  time 
of  start  of  elongation  by  subtraction  of  the  probable  hours  of  elongation 
(i.e.,  height  x  2),  the  corrections  being  based  on  the  average  elongation  J 

rate  of  0.5  mm.  per  hour.  J 

Variations  in  light  intensity  will  obviously  have  no  effect  upon  dark 
reactions.  Hence,  any  increase  in  the  induction  period  accompanying 
reduction  in  intensity  may  be  attributed  to  an  increase  in  the  length  of 
the  light  period,  the  length  of  the  dark  period  remaining  constant.  At  the 
suboptimal  intensity  of  1.2  f.c.,  the  number  of  molecules  of  light¬ 
absorbing  substance  saturated  by  the  available  light  quanta  will  require 
a  certain  time  in  hours  to  produce  sufficient  concentration  of  photo¬ 
chemical  products  for  elongation  to  commence.  Since  the  absorption 
capacity  per  molecule  is  constant,  a  50  per  cent  reduction  of  available 
quanta  will  saturate  only  half  as  many  molecules  and  hence  require  a 
light  period  twice  as  long  to  accomplish  the  same  results.  The  differ¬ 
ence,  therefore,  between  the  induction  periods  at  1.2  and  0.6  f.c.  will 
be  equal  to  the  total  light  period  at  1.2  f.c.  and,  by  the  same  reasoning, 
the  light  period  at  0.6  f.c.  will  be  twice  the  difference  between  the 

Table  2 

Analysis  of  the  Induction  Period  j 


Light 

(f.c.) 

(1) 

Height  hours 
since  inoc. 
(ht.  in  mm.) 

Induction 

period 

(corrected) 

(T) 

Relative 
intensity 
(vs.  1.2 
f.c.) 

Increase 
in  T  (hrs.) 
(t) 

Analysis 

Light  (L) 
(t  +  11) 

Dark  (D) 
(T-L) 

1.2 

— 

7  @  73  hrs. 

59  hrs. 

xl 

11  hrs. 

48  hrs. 

0.6 

4  @  78  hrs. 

70  hrs. 

Xl/2 

11  hrs. 

22  hrs. 

48  hrs. 

0.3 

6  @112  hrs. 

100  hrs. 

X  1/4 

41  hrs. 

52  hrs. 

48  hrs. 

0.  IS 

7  @  161  hrs. 

147  hrs. 

X  1/8 

88  hrs. 

99  hrs. 

48  hrs. 

i 

4 
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induction  periods.  Similarly,  the  light  period  at  0.3  f.c.  would  be  ex¬ 
pected  to  be  four  times,  and  that  at  0.15  f.c.,  eight  times  the  difference. 
The  obtained  difference  between  induction  periods  at  1.2  and  0.6  f.c.  is 
seen  to  be  11  hours,  which  would  then  establish  the  expected  light 
periods  at  11,  22,  44,  and  88  hours  respectively.  Obtained  light  periods, 
calculated  in  the  table  by  adding  11  hours  to  the  difference  between 
the  induction  periods  at  1.2  f.c.  and  that  at  each  lower  intensity,  are 
found  to  be  22,  52,  and  99  hours  respectively.  At  first  consideration,  the 
latter  two  values  appear  to  diverge  widely  from  the  predictions.  It  should 
be  remembered,  however,  that  heights  of  the  elongate  growths  were 
recorded  to  the  nearest  millimeter.  Had  the  height  of  the  growths  at 
1.2  f.c.  been  7.5  instead  of  7  mm.,  the  estimated  light  period  would 
have  been  12  hours  instead  of  11,  and  our  predictions  for  the  two  lowest 
intensities  would  then  become  48  and  96  as  compared  with  obtained 
values  of  53  and  100. 

The  lengths  of  the  dark  periods,  found  by  subtraction  of  the  light 
period  from  the  induction  period,  are  48,  48,  48,  and  48  hours  respective¬ 
ly.  Their  agreement  needs  no  comment. 

Although  confirmation  of  these  calculations  by  further  investigation 
was  not  undertaken,  they  indicate  a  linear  relationship  between  sub- 
optimal  intensities  and  the  length  of  the  light  portion  of  the  induction 
period  and  provide  reasonable  estimations  of  the  lengths  of  the  periods. 
The  value  of  48  hours  for  the  dark  period  is  not  inconsistent  with  other 
evidence,  including  the  fact  that,  at  optimum  intensities,  the  length 
of  the  entire  induction  period  does  not  exceed  this  value.  It  is  probable 
that,  at  higher  intensities,  the  light  period  is  less  than  12  hours.  Extra¬ 
polation  would  predict  it  to  be  about  six  hours  at  2.4  f.c.  and  three 
hours  at  4.8  f.c.  Five  f.c.  already  have  been  shown  to  provide  the 
maximum  stimulus  for  this  aspect  of  growth,  suggesting  that,  at  this 
intensity,  all  molecules  must  be  saturated.  There  also  may  be  over¬ 
lapping  of  the  dark  and  light  periods  in  cultures  exposed  to  continuous 
light. 


The  Influence  of  Light  Quality  on  Conidiophote  Elongation 

Objectives  of  this  portion  of  the  study  were  to  determine  the  spectral 
sensitivity  of  elongation  and  to  correlate  spectral  sensitivity  with  the 
absorption  spectrum  of  a  light-absorbing  extract  obtained  from  the 
conidiophores. 

Spectral  sensitivity  of  elongation.  Using  appropriate  filters  (see 
FIGURE  5  for  transmission  curves  of  filters),  polychromatic  regions  of 
the  visible  spectrum  were  isolated  for  study  of  their  effects  on  elongation. 
Examination  of  table  3  in  conjunction  with  figure  5  demonstrates 
the  following  facts: 

(1)  Elongation  occurs  only  in  wavelengths  shorter  than  530  m/x.  Although 
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Red 

I  (XR-  8) 

Orange 

(XO-28) 

Yellow 
I  (XY-81) 
Green 
(XG-28) 
iBlue-green 
(4308) 
Blue 
(XB-1.5) 

Controls 
I  (no  filter) 


Intensity  Length  ol  Height  Days  to 

Transmission  in  loot-  induction  in  mm.  achieve 

in  mfi  candles  period  (10  days)  amt. 4 
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Figure  5.  Spectral  transmission  of  filters. 
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longer  wavelengths  do  not  induce  elongation,  they  support  both  mycelial 
growth  and  low  fruiting. 

(2)  At  shorter  wavelengths  the  induction  period  decreases  in  length, 
and  amount  4  is  achieved  earlier. 

(3)  Height  displays  little  relationship  to  quality  of  light,  differences 
between  10-day  heights  being  negligible. 

(4)  That  elongation  is  most  sensitive  to  wavelengths  below  500  mp  is 
evidenced  by  the  fact  that  cultures  under  the  blue  filter  (XB-1.5),  although 
exposed  to  lower  intensity  of  transmitted  radiation,  were  superior  in 
amount  of  tall  conidiophores  and  had  a  shorter  induction  period  than 
those  under  the  green  filter  (XB-28). 

(5)  The  effective  part  of  white  light  undoubtedly  consists  of  the 
wavelengths  which  constitute  the  lower  half  of  the  visible  spectrum, 
but  the  longer  wavelengths,  while  ineffectual,  apparently  exert  no 
inhibitory  effect  at  the  intensities  employed. 

Argon  glow  lamps  were  used  to  provide  low  intensities  for  further 
investigation  of  the  relative  effectiveness  of  radiation  in  the  blue  end 
of  the  visible  spectrum.  The  General  Electric  AR-1  lamp  radiates  a 
small  amount  of  visible  light,  mainly  in  the  blue  and  violet,  most  of  its 
radiation  being  confined  to  the  subvisible  region  below  380  mp.  Under 
this  lamp,  elongation  occurred  in  intensities  ranging  downward  from 
0.025  to  0.0005  f.c.  These  intensities,  being  too  low  to  read  on  the 
light  meter,  were  calculated  by  inverse  square  of  the  distances.  Com¬ 
parison  of  data  from  these  experiments  with  data  of  elongation  in  white 
light  of  low  intensity  (Table  4)  discloses  the  following  facts: 


Table  4 

Elongation  under  Low  Light  Intensities 


Intensity 

in  loot- 

candles 

Length  of 

induction 

period 

j  Growth  at  intervals  since  inoc. 

7  d  a  y  s 

[  10  day s 

Height 

Amount 

Height 

Amount 

Blue-Viotet 

0.025 

2  days 

35  mm. 

4 

36  mm. 

4 

0.003 

4  days 

26  mm. 

3- 

30  mm. 

3 

0.001 

5  days 

20  mm. 

2- 

20  mm. 

2- 

0.0005 

1  5V4  days 

16  mm. 

2- 

20  mm. 

2- 

White  Light 

0.8 

1  3  days 

\  35  mm. 

1  ^ 

43  mm. 

4 

0.6 

1  4  days 

35  mm. 

4 

38  mm. 

4 

0.4 

4V4  days 

29  mm. 

4 

38  mm. 

4 

0.2 

4V4  days 

26  mm. 

3 

35  mm. 

4— 

0.1 

5V4  days 

21  mm. 

3- 

33  mm. 

3+ 

18 

2  days  | 

1  1 

37  mm. 

_ 1 

4 

40  mm. 

4 
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vl)  Length  of  induction  period  shows  an  inverse  relationship  to 
intensity  in  both  cases  but  in  blue  light  the  induction  period  at  0.025 
f.c.  is  equivalent  to  the  induction  period  under  optimum  conditions 
(five  f.c.)  in  white  light. 

(2)  Amount  of  tall  growth  varies  directly  with  intensity  under  both 
blue  and  white  light,  but  the  threshold  for  ultimate  production  of  amount 
4  lies  at  0.025  f.c.  in  blue  light  as  compared  with  0.4  f.c.  in  white 
light. 

(3)  Cultures  under  the  argon  light  were  not  examined  daily  because 
of  the  danger  that  stray  light  would  invalidate  results.  Hence,  elongation- 
rate  data  are  not  available.  It  is  of  interest  to  note,  however,  that  the 
average  10-day  height  of  36  mm.  at  0.025  f.c.  in  blue  light  is  only  4  mm. 
less  than  the  40  mm.  average  height  of  the  experimental  controls  at 
18  f.c.  in  white  light. 

Sensitivity  to  wavelengths  in  the  near  ultraviolet  region.  The  fact  that 
transmission  of  the  blue  (XB-1.5)  filter  and  radiation  of  the  argon  glow 
lamp  extend  into  the  near  ultraviolet  and  that  both  are  favorable  to 
elongate  growth  evoked  curiosity  concerning  the  sensitivity  of  the 
organism  to  subvisible  re  .  the  spectrum.  A  practical  and  easily 

available  source  of  radiation  in  the  near  ultraviolet  was  found  in  the 
commercial  fluorescent  360  BL  lamp  (commonly  known  as  a  “black 
light”)  which  radiates  between  300  and  400  m/x.  Use  of  a  special  light 
meter  (loaned  by  Willard  Allphin,  of  the  Sylvania  Electric  Products  Inc., 
Salem,  Mass.)  sensitive  to  near  ultraviolet  'radiation  made  objective 
comparison  of  intensities  possible.  Since  the  meter  was  not  calibrated 


Figure  6.  Spectral  transmission  of  filters  and  absorption  spectrum  of 
carotenoid  pig;ment  from  Aapergitlua  giganteua. 
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Table  5 


Effect  of  Low  Intensities  of  Ultra-Violet  light 


u.-v. 

mita 

Ind.  per. 
(days) 

- 

Height  in  mm. 

(by  daya  ot  along.) 

Amount 

(by  daya  oi  eltmg.) 

5 

6 

9  1 

5 

6 

9 

\ 

0.3 

— 1 

5 

27 

. i 

4- 

0.6 

5 

37 

4- 

0.8 

4 

32 

4 

1.7 

3 

37 

4 

3.7 

2 

30 

45 

4 

4+ 

4.2 

2 

46 

57 

4 

4+ 

7.2 

2 

35 

47 

4 

4+ 

8.3 

2 

45 

-  _ 

55 

4 

4+ 

to  read  in  fluorens  or  any  other  customary  unit,  intensities  are  expressed 
in  units  of  the  meter  dial.  The  meter  was  read  at  filter  level  and  the 
intensities  at  culture  level  calculated  from  the  manufacturer’s  data  for 
filter  transmissions. 

Spectroscopic  analysis  was  made  of  the  glass  covers  used  to  close 
the  flasks,  and  it  was  found  that  wavelengths  above  300 m/i  were  trans¬ 
mitted  to  the  extent  of  88  per  cent  at  360  and  above,  67  per  cent  at  340, 
and  15  per  cent  at  320  m/z. 

Preliminary  trials  in  unfiltered  black  light  proved  that  radiation  of 
these  lamps  was  particularly  favorable  to  elongation,  producing  an 
induction  period  of  minimum  length,  normal  10-day  heights,  and  amounts 
of  tall  conidiophores  superior  to  any  previously  observed  (recorded  as 
4+).  With  the  addition  of  appropriate  filters  (Coming  violet-ultra  No.  5860 
and  red-ultra  No.  5840),  all  visible  light  was  excluded  and  incident 
radiation  restricted  to  the  near  ultraviolet  with  transmission  peak  at 
360  m/x  (see  figure  6). 

Basing  calculations  on  per  cent  transmission  of  incident  radiation  at 
360m^,the  radiation  available  to  the  cultures  ranged  from  0.3  to  8.3  units. 
Data  are  presented  in  table  5  and  disclose  the  following  facts: 

(1)  The  optimal  intensity  for  minimum  length  of  the  induction  period 
lies  between  1.7  and  3.7  units.  At  lower  intensities,  the  length  of  the 
induction  period  increases  as  the  intensity  of  ultraviolet  radiation 
decreases. 

(2)  Statistical  analysis  of  pair  differences  showed  a  direct  relation¬ 
ship  between  intensity  of  ultraviolet  radiation  and  ultimate  height  of 
conidiophores,  the  optimum  falling  in  the  vicinity  of  3.7  units. 

(3)  Intensity  of  ultraviolet  radiation  influenced  early  production  of 
amount  4  with  evidence  of  an  optimum  at  0.8  units.  The  production  of 
amount  4+  suggests  that  this  subvisible  radiation  is  an  important  influ- 
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ence  on  abundance  of  tall  conidiophores. 

There  has  been  very  little  investigation  of  the  effects  of  this  region 
of  the  spectrum  on  light  responses  of  fungi.  From  the  foregoing  results 
with  i4.  giganteus,  it  is  apparent  that  this  spectral  region  should  not 
be  overlooked  in  appraisals  of  the  relative  efficiency  of  various  wave¬ 
lengths  in  eliciting  photic  responses. 

Correlation  of  spectral  sensitivity  ot  elongation  and  absorption 
spectrum  of  a  carotenoid  extract  of  the  tall  conidiophores.  The  following 
facts  pointed  to  the  probable  implication  of  a  carotenoid  in  the  light 
response  of  this  fungus:  (1)  during  elongation,  conidiophores  became 
increasingly  yellowish-orange  in  color,  a  fact  which,  in  conjunction 
with  photic  sensitivity  in  the  region  of  the  visible  spectrum  between 
400  and  500  m/x  suggests  the  presence  of  a  carotenoid  pigment  (Wald. 
1943);  (2)  Palmer  (1922)  had  reported  that  A.  giganteus  gave  a  positive 
reaction  for  carotene  with  the  Molisch  test;  (3)  other  light-sensitive 
filamentous  fungi  have  been  5diown  to  contain  carotenoids,  for  example 
Phycomyces  (Castle,  1930-1931;  Schopfer,  1943;  Wald,  1943,  and  others) 
and  Pilobolus  (Schopfer,  1943).  Appropriate  methods  for  the  extraction 
of  carotenoids  were  applied  to  conidiophores  and  the  absorption  spectrum 
of  the  extract  determined  (figure  6). 

The  general  contour  of  the  absorption  curve  and  the  location  of  its 
peaks  at  425,  450,  and  475  m/x  resemble  the  absorption  curve  of  pure 
B-carotene,  whose  peaks  lie  at  425,  451,  and  482m/i  respectively  (Wald, 
1943).  Furthermore,  as  figure  7  shows,  the  curve  of  this  extract  of 
A.  giganteus  (solid  line)  is  practically  identical  to  that  for  B-carotene 
extracted  from  Phycomyces  (dotted  line)  (Wald,  1945-1946). 

Reference  to  figure  6  and  table  3  reveals  a  close  correlation 
between  the  range  of  sensitivity  of  elongate  growth  and  the  absorption 
spectrum  of  the  extract.  Tall  growth  is  best  under  those  filters  whose 
transmissions  exhibited  the  greatest  degree  of  overlap  with  the  region 
of  the  pigment’s  absorption  (namely  the  Coming  blue-green  No.  4308 
and  the  Polaroid  blue  XB-1.5  filters).  Growth  is  inferior  in  amount  and 
the  induction  period  is  prolonged  under  filters  whose  transmissions 
overlap  only  the  upper  limit  of  the  pigment  absorption  range  (namely 
XG-28  and  XY-81).  Under  filters  whose  entire  transmissions  lie  above 
the  range  of  the  pigment’s  absorption  (namely  XR-8  and  XO-50),  no 
elongation  occurs.  Such  correlation  between  range  of  pigment  absorption 
and  the  organism’s  range  of  spectral  sensitivity  can  hardly  be  coinci¬ 
dental.  It  justifies  the  conclusion  that  the  extracted  pigment  (or  pigments) 
is  probably  intimately  associated  with  the  photosensitive  system 
concerned  in  elongation. 

It  will  be  noted  in  figure  6  that  the  absorption  curve  of  the  extract 
rises  sharply  below  380  m/x.  The  fact  that  B-carotene  does  not  absorb 
highly  in  this  region  (Karrer  &  Jucker,  1948),  combined  with  the  ef¬ 
fectiveness  of  this  region  in  promoting  elongation,  suggests  that  the 
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Figure  7.  Absorption  spectra  of  carotenoid  pigments  from  PAycomyces  and 
Aapergiltus  giganteus. 


extract  contained  another  photosensitive  substance,  probably  a  color¬ 
less  carotenoid,  with  high  absorption  in  the  near  ultraviolet.  The  identi¬ 
ty  of  this  substance  is  unknown,  but  the  evidence  suggests  that  it  may 
play  a  role  in  elongation  fully  as  important  as  that  of  the  yellow  carote¬ 
noid,  since  elongation  occurs  in  near  ultraviolet  radiation  in  the  absence 
of  the  wavelengths  absorbed  by  the  latter. 

Proposed  Hypothesis  oi  Li^ht  Growth  Response  in  A.  giganteus 

The  following  hypothesis  is  proposed  to  explain  in  part  the  influences 
of  temperature  and  light  on  elongation  of  the  tall  conidiophores  of 
Aspergillus  giganteus: 

(1)  During  the  dark  period,  thermochemical  reactions  produce  sub¬ 
stances  which  are  later  concerned  in  the  photochemical  reactions  of 
the  light  period.  Under  optimal  temperature  conditions,  the  critical 
level  of  these  substances  is  achieved  in  minimum  time. 

(2)  The  light  absorbing  substance  is  limited  in  its  action  by  the 
production  of  the  substrate  upon  which  it  acts  as  well  as  by  the  intensity 
of  incident  light.  The  optimum  of  five  foot-candles  for  minimum  length 
of  the  induction  period  may  be  taken  to  indicate  that  this  intensity  is 
sufficient  to  saturate  all  molecules  of  the  light  absorbing  substance, 
and  the  photochemical  production  of  sufficient  materials  for  the  initiation 
of  elongation  occurs  in  minimum  time.  At  suboptimal  intensities,  e- 
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longation  is  delayed  proportionally  to  the  extent  of  reduction  in  intensity 
wdiile  these  materials  gradually  accumulate  to  threshold  level.  At 
intensities  above  optimum,  the  additional  radiant  energy  is,  of  course, 
superfluous  because  reaction  rate  is  then  limited  by  the  concentration 
of  the  light  absorbing  substance. 

(3)  When  wavelength  and  intensity  both  vary,  wavelength  is  relatively 
more  important  than  intensity  in  determining  the  extent  of  all  three 
aspects  of  elongate  growth,  but  when  wavelength  is  constant,  elongation 
is  proportional  to  intensity  of  radiation  until  the  optimum  is  reached. 

(4)  Photic  response  of  Aspergillus  giganteus  to  wavelengths  between 
400  and  500  m^is  apparently  mediated  by  a  yellow  carotenoid,  probably 
B-carotene,  as  the  light  absorbing  substance.  Sensitivity  to  wavelengths 
between  300  and  380  mp  may  involve  a  colorless  carotenoid  which 
absorbs  highly  in  this  region  of  the  spectrum. 
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NOTICE  TO  ACTIVE  MEMBERS 

In  accordance  with  the  Bylaws  of  the  Academy,  Article  VII,  Section  7, 
the  Nominating  Committee  of  the  Council  is  inserting  in  this  April  issue 
a  notice  to  Active  Members,  Quoting  Article  IV,  Section  1  of  the  Bylaws. 

Article  IV,  Section  1  reads  as  follows: 

‘‘Suggestions  by  the  Members  for  Nominations.  Suggestions  for  nomi¬ 
nations  of  Officers  of  the  Academy  and  Members  of  the  Council,  with  the 
exception  of  Sectional  Chairmen,  may  be  sent  in  writing  by  any  Active 
Member  of  the  Academy,  addressed  to  the  Nominating  Committee  of  the 
Academy,  2  East  Sixty-third  Street,  New  York,  N.  Y.,  with  the  name  of 
the  proposer.  To  be  considered,  such  suggestions  must  be  received  not 
later  than  September  first  of  each  year. 
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